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Histologic characterization of mobile and
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Kazuyuki Nagatsuka, MD, PhD,c Tomohito Hishikawa, MD, PhD,a and
Hatsue Ishibashi-Ueda, MD, PhD,d Osaka and Kyoto, Japan
Objectives: Although mobile plaques in the carotid arteries detected by duplex ultrasound imaging are considered to cause
unstable neurologic symptoms such as crescendo transient ischemic attack or progressive stroke, the histology of mobile
plaques has not been sufficiently documented. This study examined the histopathologic features of mobile plaques of the
carotid artery and compared the histopathology between mobile and nonmobile plaques.
Methods:Of 228 carotid plaques assessed by preoperative carotid ultrasound imaging, 21 (9.3%) were diagnosed as mobile
symptomatic plaques. Of these, 18 were intact after excision by endarterectomy and enrolled for histologic examination.
From the remaining 207 nonmobile plaque specimens, 17 nonmobile but symptomatic plaque specimens were extracted
for histologic comparison. An investigator blinded to the ultrasound findings assessed both plaque specimens for fibrous
cap thickness, fibrous cap rupture, fibrous cap area, necrotic core size, inflammatory cells, intraplaque hemorrhage, and
mural thrombus. Clinical data, including progressive ischemic symptoms after admission, were also examined.
Results: Progressive ischemic symptoms were more frequently seen in patients with mobile plaques than in those with
nonmobile plaques (33.3% vs 0%, P  .02). The ratio of the cross-sectional area of the necrotic core to that of the entire
plaque was significantly larger for mobile plaques than for nonmobile plaques (mean, 0.660 vs 0.417, P< .0001). Mural
thrombus was more prevalent amongmobile plaques (89%) than among nonmobile plaques (59%), but the difference was
not significant (P  .06). The median minimum thickness of the fibrous cap was extremely small in both groups (80 m
in mobile plaques and 100 m in nonmobile plaques, P  .33).
Conclusions: The histologic characteristics of mobile carotid plaques are different from those of nonmobile symptomatic
plaques, especially in the area of the necrotic core. This histologic difference may partly explain the unstable neurologic
presentations of patients with mobile carotid plaques. ( J Vasc Surg 2011;53:977-83.)
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bMobile components in symptomatic carotid plaques, as
detected with a duplex ultrasound scan using the recently
developed high-resolution real-time B-mode system, are
assumed to cause unstable neurologic symptoms such as
crescendo transient ischemic attack or progressive stroke.
These types of plaque with mobility have been denoted
variously in several case reports as “mobile plaques,”1
“floating plaques,”2-4 “mobile thrombi,”5 or “floating
thrombi.”6,7 Some authors have emphasized the high po-
tential of the mobile plaque to cause recurrence of ischemic
attacks within a short period.5,8,9 They have also speculated
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obile plaques.5,6
Previous reports have not, however, sufficiently docu-
ented the mechanism of that mobility or the histologic
eature of such plaques. We hypothesized that certain his-
ologic differences may exist between mobile and nonmo-
ile symptomatic carotid plaques as long as clinical symp-
oms caused by mobile plaques are more unstable than
hose by nonmobile plaques. To confirm this hypothesis,
e compared the prevalence of several histologic factors
etween mobile and nonmobile plaques in symptomatic
atients, with the examination of clinical data including
rogressive ischemic symptoms after admission.
ETHODS
This study was performed in accordance with the ethi-
al guidelines of our institution and included patients’
nformed consent.
Plaque selection. Between April 2003 and March
008, 228 carotid plaques were excised by carotid endar-
erectomy (CEA) at the National Cerebral and Cardiovas-
ular Center, Osaka, Japan. All patients had been assessed
ith preoperative carotid ultrasound imaging, and 21
ymptomatic patients (9.3%) had been diagnosed with mo-
ile plaques. The study excluded 3 of 21 mobile plaque
pecimens after the histologic examination because they
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April 2011978 Funaki et alwere damaged during plaque excision. From the remaining
207 nonmobile plaques, 20 symptomatic plaques were
randomly extracted for histologic comparison. After the
histologic examination, the study excluded 3 of the 20
nonmobile plaque specimens because they were too dam-
aged. The remaining 35 plaque specimens, comprising 18
mobile plaques and 17 nonmobile plaques, were used in
this study.
Clinical data. We reviewed clinical data of the 35
patients with excised plaques. Their symptoms at admission
were classified into four categories: amaurosis fugax, tran-
sient ischemic attack (TIA), transient symptom associated
with infarction (TSI), and stroke. Amaurosis fugax was
defined as a transient ipsilateral blindness or visual field
defect. TIA was defined as a transient neurologic symptom
that lasts 24 hours without any evidence of brain infarc-
tion confirmed by diffusion-weighted images (DWI) in
magnetic resonance imaging. TSI was defined as a transient
neurologic symptom that lasts24 hours with evidence of
brain infarction, which is supposed to have higher in-
hospital recurrent ischemic rate than TIA.10 Stroke was
confirmed by positive findings in the territory of the ipsi-
lateral carotid artery on DWI. Progressive symptoms were
also recorded when the patient experienced a recurrence
and worsening of neurologic symptoms after admission,
with an increase of ischemic lesions confirmed by DWI.
The degree of carotid stenosis was measured by digital
subtraction angiography according to the method used in
the North American Carotid Surgery Trial.11 The other
clinical data recorded were age, sex, treatment for hyper-
tension, treatment for diabetes, treatment for hyperlipid-
emia, smoking within the preceding year, statin administra-
tion, and aspirin administration. Median intervals from the
last ischemic event to CEA and then from the last ultra-
sound imaging to CEA were also examined.
Ultrasound imaging. All patients underwent preop-
erative carotid ultrasound scanning1 month before CEAs
using a commercially available, real-time 2-dimensional de-
vice equipped with a 7.5-MHz transducer. B-mode
scans, B-mode scans with color Doppler imaging, and
pulsed-Doppler scans were routinely performed. If a stroke
physician suspected the presence of mobile plaques on
duplex ultrasound imaging, the images would be recorded
as video files. Two skilled stroke physicians, who had no
previous knowledge of the patient’s clinical information,
including a coauthor (K.N.), reviewed video files and made
a final diagnosis of mobile plaques. The findings of the
mobile plaques were defined and classified as follows:
1. Mobile components that are localized at the surface of
the plaque and that rise and fall in a manner inconsistent
with or exceeding arterial pulsatile wall motion (jellyfish
sign12),
2. Mobile components inside the plaque that change
slowly and irregularly like viscous liquid (liquefaction
sign),
3. Movements localized within an ulcer’s inner surface (Fig
1; Video 1, online only), and t. Movements of protuberances (Fig 2; Video 2, online
only).
Plaque excision. General anesthesia was initiated, and
EA was performed using an operating microscope and
omatosensory evoked potential monitoring to selectively
lace the shunt. For some cases with a mobile plaque, each
urrounding artery (including the common, external, and
nternal carotid arteries) was clamped as soon as it was
xposed to minimize the risk of distal embolism caused by
he manipulation of the internal carotid artery. Upon cross-
lamping, the common carotid artery was incised with
calpels to determine the dissection plane, usually made at
he level of the internal elastic membrane, under the oper-
ting microscope. A microdissector was inserted meticu-
ously, not to disturb the cleavage plane, until the distal end
f the plaque and the patent lumen of the distal internal
arotid artery were ascertained. The distal and proximal
dges of the plaque were cut and finally pulled out from the
rifice of the external carotid artery. In this way, most of the
arotid plaque could be removed en bloc with minimum
urgical trauma. If a cut penetrated the surface of the
pecimen to the lumen, it could be judged in the histologic
xamination that the cleavage resulted from surgical
ig 1. A, A longitudinal duplex ultrasound image of a mobile
laque demonstrates an ulcerated plaque in the extracranial inter-
al carotid artery. B, A schema representing the mobile compo-
ent in the plaque: an ulcer’s inner surface rose and fell according
o the pulsation, as indicated with arrows, which was defined as
movements localized within an ulcer’s inner surface” (see also
ideo 1, online only). ICA, Internal carotid artery; IJV, internal
ugular vein.rauma, not plaque rupture.
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Volume 53, Number 4 Funaki et al 979Histopathology. The excised plaques were immedi-
ately fixed in Histochoice fixative (Amresco, Cleveland,
Ohio) for 48 hours and decalcified by ethylenediaminetet-
raacetic acid (EDTA). To preserve the immunoreactivity,
we used Histochoice for fixation and EDTA for decalcifi-
cation of specimens before embedding in paraffin blocks.13
Each plaque was sectioned transversely at the carotid bifur-
cation, and further sections were taken at 5-mm intervals
along the length of internal carotid arteries for embedding
in paraffin.14 Adjacent 5-m transverse sections were
stained with hematoxylin and eosin, elastin van Gieson,
Masson trichrome, and von Kossa. When a certain section
seemed near the plaque rupture site, additional subserial
slices were performed to avoid skipping focal instability.
For immunohistochemistry analyses, we performed immu-
nostaining for T cell (CD3, DAKO, Glostrup, Denmark),
macrophages (CD68, DAKO). Immunostaining with gly-
cophorin A (CD235a, DAKO) was also performed to de-
tect intraplaque hemorrhage.15 An experienced cardiovas-
cular pathologist (H.I.) histologically examined all sections
without any knowledge of clinical details and findings of
carotid ultrasound imaging.
The histologic features of plaques assessed in this study
Fig 2. A, A longitudinal duplex ultrasound image demonstrates a
massive mobile plaque almost occluding the internal carotid artery
(ICA) and a protuberance from the distal end of the plaque. B, A
schema representing the shaking movement of the protuberance
(arrows): the original video also revealed a mobile component
inside the plaque that changed slowly and irregularly like viscous
liquid (liquefaction sign, see also Video 2, online only). ECA,
External carotid artery.were minimum cap thickness, prevalence of the rupture of sbrous cap and ulceration, necrotic core size, quantity of
nflammatory cells (including macrophages and lympho-
ytes), degree of intraplaque hemorrhage, and prevalence
f mural thrombus. Minimum cap thickness was defined as
he thinnest part of the fibrous cap in total cross-sections of
ach plaque measured by a manometer attached to the
icroscope.16 Plaque rupture, a break in the fibrous cap,
as recorded when there was clear interaction between the
ipid core and the lumen, usually at a point of thinning and
nflammation and when the break in the cap did not seem to
ave been created during surgery (Fig 3, A). A necrotic
ore was defined as an amorphous material containing
holesterol crystals (Fig 3, B).17
To measure the area of necrotic core, we sampled three
ross-sections: on the carotid bifurcation, 5 mm distal to
he bifurcation, and 10 mm distal to the bifurcation. On
ach cross-section, the necrotic core and the entire plaque
rea were measured by WinROOF 5.0 morphometry soft-
are (Mitani Co, Kanazawa, Japan), and the ratio of the
ean cross-sectional area of the necrotic core to that of
he entire plaque area was calculated. We also measured the
ctual area of the fibrous cap for mobile and nonmobile
laques on the three cross-sections, and the median value of
he fibrous cap area in each plaque was calculated.
A “recent” intraplaque hemorrhage was recorded when
n area of erythrocytes within the plaque caused disruption
f plaque architecture, whereas an “old” intraplaque hem-
rrhage was recorded when evidence showed organized
emorrhage with the accumulation of hemosiderin-laden
acrophages or iron deposits on plaque connective tis-
ue.18 Old intraplaque hemorrhage was also recorded when
he ratio of the glycophorin A-positive area to the whole
laque area was 40%. Plaque inflammation with macro-
hage and lymphocyte infiltration was recorded according
o the number of CD68-negative or CD3-positive cells:
nfiltration of20 inflammatory cells in the fibrous cap was
efined as positive inflammation to the fibrous cap. Mural
hrombus was defined as a fibrin organization of the endo-
helium or the fibrous cap of plaques (Fig 3, C).
Statistical analysis. Patients with mobile plaques and
hose with nonmobile plaques were compared for baseline
haracteristics, the prevalence of progressive symptoms,
nd plaque histologic features using a t test, the Wilcoxon
ank sum test, or the Fisher exact test, as appropriate.
wo-sided values of P  .05 were considered significant.
tatistical analysis was performed with JMP 7.12 software
SAS Institute, Cary, NC).
ESULTS
Patients displaying mobile plaques and nonmobile
laques exhibited no significant difference in age, sex,
iabetes mellitus, hyperlipidemia, smoking, coronary artery
isease, administration of statins, administration of aspirin,
r degree of stenosis (Table I). All statins were adminis-
rated with the usual doses (atorvastatin20 mg, pravasta-
in 20 mg, or pitavastatin 2 mg), and no patients
eceived high-dose statin therapy. Hypertension was ob-
erved more frequently in patients with nonmobile plaques.
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April 2011980 Funaki et alThe median interval from the last ischemic event to
CEA was 12.5 days (maximum, 41 days) in patients with
mobile plaques, and the interval between the onset of
symptoms and CEA, as well as that between ultrasound
imaging and CEA, was significantly longer in patients with
nonmobile plaques. No patients in this study had atrial
fibrillation or other embolic sources. The incidence of the
acute cerebral infarction detected with preoperative DWI
did not show significant difference between mobile and
nonmobile plaques (77.8% vs 82.4%, P  .99).
Clinical symptoms. The first ischemic symptoms
among the 18 patients with mobile plaques were cerebral
infarct in 11 patients, TSI in 5, TIA in 1, and amaurosis
fugax without positive DWI finding in 1. Symptoms among
17 patients with nonmobile plaques included cerebral in-
farct in 6, TSI in 6, TIA in 3, and amaurosis fugax without
positive DWI finding in 2. Progressive symptoms after
admission were observed in six patients (33.3%) with mo-
bile plaques, whereas no progression was seen in the pa-
Fig 3. An example of histologic features of a mobile pla
graph of the carotid bifurcation (Masson’s trichrome s
disruption of the fibrous cap (arrowhead). B, Another cr
tion1) demonstrates a large necrotic core with a fresh in
fibrous cap (arrow).C, A photomicrograph (Masson’s tri
fibrin deposit, indicating mural thrombus (double arrow)
Table I. Clinical characteristics at the time of carotid enda
Characteristics
Mobile p
(n 
Age, mean (SD), year 70.8 (11.
Female, No. (%) 3 (16.
Stenosis, mean (SD), % 73.2 (24.
Risk factors, No. (%)
Hypertension 11 (61.
Diabetes mellitus 4 (22.
Hyperlipidemia 11 (61.
Smoking 9 (50.
Medications, No. (%)
Statin 7 (38.
Aspirin 10 (55.
Interval to CEA, median (IQR) days
From last ischemic event 12.5 (7.5
From last ultrasound study 3 (1-8
MRI-DWI positive, No. (%) 14 (77.
DWI, Diffusion-weighted image; IQR, interquartile range; MRI, magnetictients with nonmobile plaques (P  .02). sHistologic features. All histologic features in mobile
laques and nonmobile plaques are summarized in Table II.
he ratio of the mean cross-sectional area of the necrotic
ore to that of the entire plaque area was significantly
arger in mobile plaques than in nonmobile plaques (mean,
.660 vs 0.417, P  .0001).
Plaque ruptures were seen in 83% of mobile plaques.
he median minimum cap thickness was 80 m, which is
maller than that considered to be the critical value of
inimum cap thickness for cap rupture.16 There were no
ignificant differences in the prevalence of cap rupture (83%
s 82%) or median minimum cap thickness (80 vs 100 m)
etween mobile plaques and nonmobile plaques. The me-
ian area of the fibrous cap was, however, significantly
maller in the mobile plaques than in nonmobile plaques
9200 vs 15,900 m2; P  .02).
Although mural thrombus was more prevalent in mo-
ile plaques (89%) than in nonmobile plaques (59%), the
ifference was not significant (P .060). There was also no
(the same plaque as shown in Fig 1). A, A photomicro-
g, original magnification 1) demonstrates complete
ction (Masson’s trichrome staining, original magnifica-
aque hemorrhage (asterisk), which was covered with thin
e staining, original magnification2) shows intramural
ctomy of study patients
s Nonmobile plaques
P(n  17)
66.2 (8.7) .19
1 (5.9) .60
76.5 (15.2) .63
17 (100) .01
7 (41.2) .29
12 (70.6) .72
13 (76.5) .16
7 (41.2) 1.00
13 (76.5) .29
5) 33 (13.5-70.5) .01
9 (3.5-21.5) .03
14 (82.4) 1.00
nce imaging; SD, standard deviation.que
tainin
oss-se
trapl
chromrtere
laque
18)
5)
7)
4)
1)
2)
1)
0)
9)
6)
-26.7
.25)
8)ignificant difference between mobile and nonmobile
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Volume 53, Number 4 Funaki et al 981plaques in the prevalence of cap inflammation or intra-
plaque hemorrhage.
DISCUSSION
One of our results showed that progressive symptoms
occurred more frequently in patients with mobile plaques
than those with nonmobile plaques. This result is in line
with unstable neurologic presentations depicted in previ-
ous case reports of symptomatic mobile plaques.5,8 A re-
cent study also concluded that the jellyfish sign, which is an
ultrasonographic appearance of mobile plaques, was an
important predictive factor for repeated ischemic stroke.12
These findings, along with our results, promoted us to
confirm the hypothesis that some histologic differences
may exist between mobile and nonmobile plaques, even if
both are symptomatic plaques.
There are several reports about mobile plaques in large
arteries, including the carotid artery,2-8,19,20 and some
reports have described the histology of mobile plaques.
Nakajima et al5 reported the pathologic findings of a mo-
bile plaque in the brachiocephalic artery that caused fatal
recurrent strokes and pointed out that plaque disruption
was a cause of the mobility. Arning et al6 also found a mural
thrombus in the histology of a mobile carotid plaque. Our
results are compatible with previous pathologic reports
about mobile plaques. However, the features of plaque
rupture and mural thrombus may not be sufficient to
describe the specific histopathology of a mobile plaque,
because according to our result, the prevalence of plaque
disruption or mural thrombus of mobile plaques is not
significantly higher than that of nonmobile plaques. The
findings of the present study suggest that the existence of a
large, soft, lipid-rich necrotic core is also important for the
mechanism of plaque mobility.
This speculation conforms with the results on intravas-
cular ultrasound elastography, a recently developed tech-
nique to assess the elasticity of plaque tissue using intravas-
cular ultrasound imaging by measuring the “strain” or
small movement of plaque tissue under an applied
Table II. Histologic features of mobile and nonmobile pl
Feature
Mob
(
Fibrous cap
Plaque rupture, No. (%) 15 (
Minimum cap thickness, median (IQR) m 80 (
Fibrous cap area, median (IQR) m2 9200 (
Mural thrombus, No. (%) 16 (
Ratio of necrotic core area, mean (SD) 0.660 (
Inflammation of fibrous cap, No. (%)
Macrophages 17 (
Lymphocytes 12 (
Intraplaque hemorrhage, No. (%)
Fresh 11 (
Previous 11 (
IQR, Interquartile range; SD, standard deviation.force.21,22 The authors of those studies demonstrated that mhe strain could distinguish lipid-rich components from
ard and fibrous components. Mobile structures on carotid
laques may be caused not only by the mural thrombus
ormed by a fibrous cap rupture but also by a large, lipid-
ich necrotic core exposed into the blood lumen.
Several pathologic reviews have reinforced the evidence
hat a large necrotic core is one of the important features
f so-called vulnerable plaque.23-27 Studies on aortic
laques,28,29 an in vivo study on magnetic resonance imag-
ng,30 and histologic studies of carotid plaque16,31 have
lso shown that a large necrotic core was strongly associated
ith thrombosis, fibrous cap rupture, fibrous cap thinning,
r neurologic symptoms. Moreover, when the large lipid-
ich necrotic core is exposed to blood lumen by plaque
upture, the mural thrombus or debris from the lipid core
ay become a persistent source of embolism, which may
esult in an unstable ischemic stroke. On the other hand,
edgrave et al16 showed that thinning of the fibrous cap
overing the necrotic core is another important factor for
laque vulnerability. These authors advocated critical cap
hickness (minimum cap thickness 200 m and a repre-
entative cap thickness500 m) as a marker for ruptured
laque.
Using these criteria, the fibrous cap of both groups in
ur study is extremely thin. One possible reason that we did
ot find a significant difference in minimum fibrous cap
hickness in the two plaques is that mobile and nonmobile
laques had an almost equally high prevalence of cap rup-
ure. Given that the actual fibrous cap area was smaller in
obile plaques than in nonmobile plaques (Table II), it is
ossible that the overall thickness of fibrous caps in mobile
laques is smaller than that in nonmobile plaques.
To our knowledge, only one recent study demon-
trated the histologic features of mobile carotid plaques,
lthough it did not include a controlled group in histologic
ssessment. Kume et al12 examined histologic features of
5 plaques with ultrasonographic jellyfish sign, and the
esults showed that the proportional area of the fibrous cap
orrelated negatively with jellyfish-positive plaque surface
s
aques Nonmobile plaques
P8) (n  17)
14 (82) .99
2.5) 100 (60-250) .33
-13,100) 15,900 (9000-21,800) .02
9 (59) .06
) 0.417 (0.176) .0001
16 (94) 1.00
12 (71) 1.00
9 (53) .74
10 (59) 1.00aque
ile pl
n  1
83)
60-16
6300
89)
0.098
94)
67)
61)
61)ovement rate. Our results regarding the fibrous cap area
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April 2011982 Funaki et alcoincides with their results. They could not, however,
document significant correlation between atheromatous
lesion area and the plaque motion rate, which is inconsis-
tent with our results. This may be attributed to the differ-
ences in a patient population, in definitions of ultrasono-
graphic and histopathologic findings, and in research
designs between the two studies. The large necrotic core
can still be one of the representative features of mobile
plaques because the present results were conducted in a
controlled study.
Our study has some limitations. First, the number of
the cases we studied was small, and not all of the nonmobile
plaques were examined. Larger studies are necessary to
confirm higher prevalence of mural thrombus and thinner
fibrous cap in mobile plaques.
Second, because nonmobile plaques had a longer du-
ration until CEA, stabilization of the plaque, which can
occur within approximately 90 days after the presenting
neurologic symptom,31,32 could have led us to underesti-
mate some of the histologic factors of nonmobile plaques.
However, one study showed that the prevalence of a large
lipid core and mural thrombus was not influenced by the
span of time since the last ischemic events.31 Spagnoli et
al33 also revealed that a fresh thrombus can present several
months after the first cerebrovascular event.
Third, we only studied symptomatic plaques and did
not include asymptomatic plaques. Our study, therefore,
did not answer the question of whether mobile plaques are
more “vulnerable” than nonmobile plaques as long as the
word “vulnerable” means the tendency for fibrous cap
rupture and the potential of subsequent embolic stroke.
That was not, however, the purpose of this study. Further
studies including both symptomatic and asymptomatic pa-
tients might be essential to determining whether mobile
plaques are more “vulnerable” than nonmobile plaques.
A higher prevalence of mobile plaques is shown in this
report (9.3% of excised plaque) than in previous study.1
The most recent study demonstrated an even higher prev-
alence (19%) of mobile plaques.12 This high prevalence of
mobile plaques may be explained by the evolution of the
duplex ultrasound imaging system and sheds light on the
clinical importance of mobile plaques.
CONCLUSIONS
In this study, we have clarified the histologic difference
between mobile and nonmobile symptomatic carotid
plaques. This result may partly explain unstable neurologic
presentations of patients with mobile carotid plaques and
may add information to the debate regarding the manage-
ment of mobile plaques. Further studies on the histopa-
thology and natural history of the mobile carotid plaque are
needed to establish the most effective acute management
for symptomatic mobile plaques.
We especially appreciate Dr Kimitoshi Satou for helpful
advice on the study design. We also wish to thank Sumiko
Matsushima and Laura Dickinson for preparing this man-
1script, and Toshie Urano and Mayumi Oka for collecting
atient records.
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